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FREQUENT OCCURRENCE OF p53 MUTATIONS IN 
RHABDOMYOSARCOMA AND LEIOMYOSARCOMA, BUT NOT 
IN FIBROSARCOMA AND MALIGNANT NEURAL TUMORS 

Peter Wurl', Hclgc Taubert-"\ Matthias Bache^ Jens Kroll-, Axel Meye% Dieler Berger% Anja Siermann-. 
Hans-Jiirgen HOLZHAUSEN-, Raoul HiNZE-, Hannclorc Schmidt- and Fricdrich-Wilhelm Rath- 
^Surpcal Clinic and -htstitute of Pathology. Martin Luther University of Halle- Wittenberg, Halle IS., Germany. 



We have analyzed soft-tissue sarcomas (STS) moleculaHy for 
mutations in the tumor-suppressor gene p53 and immunohisto- 
chemically for expression of p53 and mdm2 proteins. In this 
study, tumor samples from 3 groups of soft-tissue sarcomas, i.e.. 
fibrosarcomas, myogenic sarcomas and malignant neural tu- 
mors (MNT), were investigated. The methods applied encom- 
pass Immunohistochemistry on 198 tumor samples using p53 
antibodies (DO- 1 and DO-7) and an mdm2 antibody (IF-2). Out 
of these. 100 samples were subjected to non-radioactive PCR- 
SSCP-sequencing analysis. Immunohistochemical detection rate 
for p53 (range of 57% to 67%) and for mdml proteins (range of 
19 to 44%) vw similar in all 3 groups. In higher tumor grades, 
an increased rate of immunopositivity was found for p53 but not 
for mdm2. Investigation of pS3 mutational status revealed 6 
mutations in myogenic sarcomas but none in malignant neural 
tumors or fibrosarcomas, suggesting different roles of p53 in the 
3 STS groups. Interestingly, a G -* A transition in codon 245 (a 
CpG site) was fouhd in 3 myogenic sarcomas. Our results and 
th<»e off others suggest p53 codon 245 as a mutational hotspot 
in sarcomas, as recognized in carcinomas. 
© 1996 Wiley- Liss, Inc. 

Soft-tissue sarcomas (STS) can be defined as malignant 
tumors of non-epithelial extraskelclal tissue, excluding the 
reticulo-endothclial system, glia, and supporting tissue of 
various parenchymal organs. By convention, malignant tumors 
of the peripheral nervous system are included (Enzingcr et aL, 
1969). In addition to MFH's and liposarcomas, the most 
frequent arc fibrosarcomas (8-12%), malignant periphcral- 
nervc-shcath tumors (8-10%), peripheric neuroblastomas (5%), 
leiomyosarcomas (5-10%), and rhabdomyosarcomas (10- 
20%)'(Enzinger et al, 1969; Enjoji and Hashimoto. 1984). 
However, even after distinct tumor classification, there are no 
comprehensive immunohistochemical and molecular data that 
convincingly characterize malignant tumors according to the 
course of disease and the prognosis. Apart from oncogenes, 
tumor-suppressor genes, in particular, and their role in cell- 
cycle regulation are of crucial interest. Among tumor suppres- 
sors, /?5i stands out, with about 50% of mutational alterations 
in malignomas (HoIIstcin et aL 1991, 1996). p53 mutational 
analysis for soft-tissue sarcomas has been performed for 
fibrosarcomas (Latrcs et oi, 1994), neuroblastomas (Imamura 
etaL, 1993; Komuro era/.. 1993; Vogane/aA. 1993; Hosoi era/.. 
1994), neurofibrosarcomas (Menon et ai, 1990), leiomyosarco- 
mas (Stratton et al., 1990; Andreassen et at., 1993; Liu et aL 
1994; Latrcs er (7/., 1994; Patterson 1994; Cordon -Cardo 
et aL 1994; De Vos et aL 1994), rhabdomyosarcomas (Stratton 
€1 aL 1990; Cordon-Cardo et al., 1994; Mulligan et al, 1990; 
Castrcsanae/a/., 1995; Felix era/., 1992), MFH's and liposarco- 
mas (reviewed in Taubert et aL 1995), and other STS (Liu et 
aL 1994; Cordon-Cardo et aL 1994; Toguchida et aL 1992; 
Bomane/«/., 1994; ScinicaricIIo era/., 1994; Dumaze'/ff/., 1993; 
Hollstein et ai, 1994). In carcinomas, the great majority of p5i 
mutations arc misscnsc mutations, and out of these about 40% 
occur at mutational hot spots (Lcvinc, 1993). On closer 
examination, one third of 280 tumor mutations was found to 
consist of transitions at hot-spot regions with CpG sites 
(HoIIstcin et aL 1991). On investigating the mutational spec- 
trum for soft-tissue sarcomas, wc found a spectrum similar to 
that of carcinomas (Taubert et aL 1995). Most of the muta- 



tions are missense mutations, with the majority occurring at 
CpG sites. 

In addition to mutations in the p5J gene, an amplification of 
the mdm2 oncogene affects sarcoma tumorigenesis. Amplifica- 
tion of the mdni2 gene results in mdm2 protein over-expres- 
sion with complexing and inactivating p53 protein (Momand et 
al., 1992). It was detected in liposarcomas, MFH's (Oliner et 
aL 1992; Leach e/o/., 1993)Jeiomyosarcomas (Patterson tv a/., 
1994), a group of different soft-tissue sarcomas (Cordon- 
Cardo et al., 1994) and osteosarcomas (Oliner et aL 1992; 
Ladanyie/a/., 1993). Immunohistochemical dctection of mdm2 
over-expression revealed that in most cases positive staining is 
alternative to p53 alterations over-expression (Leach et aL, 
1993), but we found co-existing over-ex pres.sion, earlier de- 
scribed for soft-tissue sarcomas (Cordon-Cardo et aL 1994). 

The goal of our study was to extend the mutational analysis 
for/75.? on 3 sarcoma entities with high occurrence: myogenic 
sarcoma (Leiomyosarcoma and rhabdomyosarcoma), fibrosar- 
coma and malignant neural tumors, Wc also examined these 
tumors for alterations in K-ra.s and N-w genes, in order to 
more fully comprehend the mutational spectrum in malignant 
soft-tissue tumors. Additionally, wc tested different monoclo- 
nal antibodies (MAbs) against p53 and mdm2 for a large 
number of patients and tumor .specimens. The Immunohisto- 
chemical and mutational data were considered in relation to 
clinical data, to improve understanding of their clinical rel- 
evance. 

MATERIAL AND METHODS 

Tumor samples 

A collection of 198 tumor samples originating from formalin- 
fixed paraffin-embedded STS from 127 patients (Institute of 
Pathology and Surgical Clinic, University of Halle, Germany) 
were chosen for immunohistochemistry (IHC). Of these, 100 
samples from 78 patients were investigated for p5 3 mutations 
by PCR-SSCP-sequencing analysis (Table I). For K-ras muta- 
tion, we investigated 32 samples from myogenic sarcomas (21 
patients) and, for detection of N-ras mutation, 31 MOT samples 
(25 patients) were examined. All the patients had had local radical 
surgical treatment. From the patients involved, clinical data, 
including the survival rate, were collected and grading was per- 
formed, taking into consideration mitotic activity and verification 
of tumor necrosis (Van Unnik et al., 1988). Patients average 
post -treatment observation periods were 47 months (7 to 130) 
for fibrosarcomas, 22 months (2 to 107) for malignant neural 
tumors, 30 months (1 to 156) for leiomyosarcomas and 17 
months (7 to 30) for rhabdomyosarcomas. 

Immunohistochemistry 

Immunohistochemical staining for p53 was done for all 
tumor samples, using MAbs DO-1 (Oncogene Science. Manhas- 
sct, NY) and DO-7 (Medac, Hamburg, Germany). Samples 
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with p53 mulations were characterized additionally by a 
polyclonal antibody CM-l (Mcdac) and 2 other MAbs Pab 
1801, Pab 240 (Oncogene Science) as described (Taubert et aL 
1995). For mdm2 we used the MAb IF2 (Oncogene Science) 
recognizing an N-tcrminai epitope. IF-2 was used at a working 
solution of 5 jjig/mL All other steps of staining were the same 
as described (Taubert et aL, 1995). As positive control for 
mdni2 the osteosarcoma cell line Saos-2 and for p53 Rank Tul 
were used. As negative control, the first antibody was omitted 
and replaced by an unrelated MAb of the same isotypc in the 
same concentration. Staining for all antibodies was considered 
positive if more than 10% of the cells showed distinct reactiv- 
ity. If more than one antibody was used for the same antigcnc. 
positive staining of one antibody is sufficient for posilivity (for 
p53 only, Do-1 or/and Do-7). 

DNA isolation and PGR 

The DNA from paraffin sections was isolated according to 
standard methods and PCR for exons 4 to 9 of the p53 gene 
was performed as described (Taubert et al., 1995). PCR for 
cxons I and 2 of the K-ra.v gene (Grimmond et aL, 1992) and 
the N-rtf.9genc (Syvanen etaL, 1992) was performed as reported. 

SSCP analysis and DNA sequencing 

Non-radioactive SSCP analysis and DNA sequencing arc 
described in detail (Thamm, 1995). Briefly: for SSCP analysis, 
10 \s.\ (approx. 1.5 ^g) of PCR product were dissolved in SSCP 
buffer (98% formamide, 20 mM EDTA, 0.05% bromophenol 
blue), denatured for 5 min al 98''C and immediately stored on 



ice. The samples were run in 6% or 10% non-denaturing 
ready-made TBE-gcis (Novex, San Diego, CA) al 9 to KVC for 
2.5 to 3 hr (85-100 V). Afterwards, the gels were silver-stained 
according to standard protocols (silver-staining kit, Promega, 
Madison, WI) to detect shifts in the singie-strand-DNA 
pattern. For sequencing, the purified PCR products were 
amplified by a cyclic PCR using the corresponding 5'- 
biotinylated primers, and sequencing products were verified by 
chemiluminescencc (CPD-Star. Tropix, Bedford. MA). 

Allele- specific oligonucleotide hybridization (A SO) 

The PCR products from genomic DNA of the patients and 
the control were denatured by heat and immediately stored on 
ice. Samples and the control (5 m-I each) were spotted on a 
nylon membrane, dried and UV-cross-linked for 5 min. After 
pre-hvbridization (I hr, 65°C) in 50 ml hybridization solution 
(10 x'Denhardt's. 2 x SSC, 0.1% SDS), 100 ng 3'-biotin- 
labclled probe were added to 50 ml of freshly prepared 
hybridization solution (hcai-dcnaluTcd) and incubated over- 
night at 65°C. Washing of the membrane (15 min, 2 x SSC, 
2x15 min, 1 x SSC) was performed at special temperatures 
(64"C, 68T and 72X). For the detection of DNA, a hybridiza- 
tion chemiluminescencc assay (CPD-Star, Tropix) was applied. 

Wild-type probe: E7wil24 

5'-TCCGGTTCATGCCGCCCATGCAGGG-3' 



Mutant probe; E7mut24 

5'-TCCGGTTCATGCTGCCCATGCACGG-3' 



TABLE I - C I 1 ARACTERISTICS OF T1 IF SOFT-TISSUE TUMtm SAMPLES' 



Soft-iissuc tumors 



Myogenic 
sarcoma 



Malignant 
neural Fibrnsarcnma 
tumors 



Total 



Tumor samples 
Primary tumors 
Recurrences 
Metastases 
Grade 1 
Grade 2 
Grade 3 

Patients 

Patients alive 
Patients dead 



54- (35)-' 6.V(3I)^ 
30(17) 3K(16) 



15 (9) 
9 m 
2(2) 
24(19) 
28 (14) 
37 (2ft) 
10 (6) 
27 (20) 



17(10) 

8(5) 

1(1) 
30(14) 

32 (16) 
42(25) 
8(3) 
34 (22) 



81 n4) 
40(17) 
38(15) 
3(2) 
13(6) 
29(18) 
39(10) 
48 (27) 
20 (8) 
28(19) 



198(100)^ 
108 (50) 
70 (34) 
20(16) 
16(9) 
83(51) 
99 (40) 
127 (78) 
.38(17) 
89 (61) 



'Tumor samples and number of patients with soft-tissue tumors 
investigated immunohislochemically and (in parentheses) molecu- 
larly.-Mncludes 1 2 rhabdomyosarcoma (9 patients) and 42 leiomyo- 
sarcoma samples (28 patients). All but one of the rhabdomyosarco- 
mas were adult, pleomorphic tumors -Mneludes 6 rhabdomyosarcoma 
(3 patients) and 29 leiomyosarcoma samples (23 patients).- 
^Consisting of 52 neurogenic sarcoma (33 patients) and 1 I periph- 
eric neuroblastoma samples (9 patients).-*Consisting of 22 neuro- 
genic sarcoma (20 patients) and 9 peripheric neurohlastoma 
samples (5 patients). -''In most cases, a tumor is represented hy 
one sample; a maximum of 3 samples originated from one tumor. 



RESULTS 

Imniunohistochem is try 

Three groups of malignant STS — fibrosarcomas, malignant 
neural tumors (peripheric neuroblastoma and malignant PNST) 
and myogenic sarcomas (rhabdo- and leiomyosarcomas) — 
were investigated for p53 and mdm2 protein, and their 
relationship to the grading was recorded (Table 11). A total of 
198 samples from 127 patients originated from 54 myogenic 
sarcomas (12 rhabdomyosarcomas and 42 leiomyosarcomas 
from 9 and 28 patients respectively), 63 malignant neural 
tumors (42 patients) and HI fibrosarcomas (48 patients). 

p53 immunoreactivity 

Of the tumor samples, 57% (1 13/198) showed immunohislo- 
chemically p53-positive after staining with DO-I and/or DO-7 
MAbs (Fig. I and 4). Separating the samples according to 
tumor entities, 15% of the rhabdomyosarcomas (9/12), 57% of 
the leiomyosarcomas (24/42), 54% of the maiignant neural 
tumors (34/63) and 57% of the fibro.sareomas (46/81 ) showed 
p53 positiviiy (Table 11). Among these, 26% (4/15) gradc-l, 
58% (46/80) grade-II and 61% (63/103) grade-Ill samples 
were found; this reveals a correlation between increasing 
malignancy and the number of/75J-positivc tumors. 



TABLE II - RhSULTS OK IMMUNOHISTOOIEMK AL ANALYSIS FOR TUMOR SAMPI.tS OF TUB TUMOR 
(iROUPS MYOCiHNlC SARCOMAS, MALKiN ANT NHURAL TUMORS AND KIBROSAKCOMAS 



STS samples 


Myogenic s;ircom;t 


Muli^nunt neural 


F-jhrosarctmia 


TotJiI 


p4Kilivc/ U>(lll 


Rhub 


I x\o 


(umors 


p53' 


9/12 


24/42 


34/6.^ 


4ft/Sl 


I13/19S 


Grade 1 


()/() 


O/l 


0/1 


4/13 


4/15 


Grade 2 


1/2 


10/22 


21/30 


14/26 


46/80 


Grade 3 


8/10 


I4/J9 


LV.12 


28/42 


63/103 


mdm2 (IF-2) 


4/11 


6/43 


15/63 


."^6/81 


61/198 


Grade 1 


0/0 


o/i 


0/1 


8/13 


8/15 


Grade 2 


0/2 


5/22 


9/30 


10/27 


24/8 i 


Grade 3 


4/9 


1/20 


6/32 


18/41 


29/102 



'Staining of p53 antibodies Do I and/or Do 7 was considered as positive.-Rhab. rhabdomyosar- 
coma: Leio. leiomyosarcoma. 
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mdml immunoreactivity 

lF-2 was positive in 31% (61/198) of the tumor samples 
immunohistochemically studied. Positive staining was ob- 
served in 36% (4/11) of the rhabdomyosarcomas, 14% (6/43) 
of the leiomyosarcomas, 24% (15/63) of the MNT and 44% 
(36/81) of the fibrosarcomas (Table 11, Fig. 1 and 6). 

In contrast to the findings of Cordon -Car do et al (1994), 
mdm2 over-expression could not be related to a higher tumor 
grade, as shown also by Wielhege e/ ai (1994). However, 
over-expression of mdm2 protein occurs in all investigated 
soft-tissue entities, confirming the role of mdm2 over- 
expression in soft-tissue tumorigenesis (Leach a/., 1993). 

Mutational analysis for p53 (exons 4 to 9) 

On investigation, 3 groups of soft-tissue sarcomas for p53 
mutations (exons 4 to 9), no such mutations could be identified 
for the MNT and fibrosarcoma entities (31 and 34 samples 
respectively), but mutations were detected in the group of 
myogenic sarcomas, Le., in leiomyosarcoma as well as in 
rhabdomyosarcoma samples. 

For 10/35 myogenic-sarcoma samples (5 from primary 
tumors, 4 from recurrences and one metastasis) from 6/26 
patients, 4 different mutations were recorded. These muta- 
tions were G-to-A transitions in codon 158 and 245 respec- 
tively, a 1-bp insertion in codon 215 and a 15-bp deletion in 
exon 5 (Table III, Fig. 2). Surprisingly, 6 myogenic sarcoma 
samples from 3 patients carried the same mutation, a G-to-A 
transition in codon 245 (exon 7) (Table III). The samples 
originated from one recurrence (M28), 3 biopsies of a recur- 
rence (Ml 9, M20, M21) and 2 biopsies of a primary tumor 
(M24, M25) respectively. Samples M20 and M28 showed 
unambiguously the transition after sequencing. However, 
samples M 19 and M21 (from the same tumor as M20) were not 
unambiguous, showing a very weak sequencing signal for the 
transitional base exchange. Consequently, allele-specific oligo- 
nucleotide hybridization (ASO) was applied, using mutant- 
specific (E7mut24) and wild-type-specific probes (E7wil24). 



M19 M20 M21 M24 M25 M26 M27 M28 C(nd)C(d) 




Figure I - Result of SSCP analyses of exon 7 from the p53 gene 
for myogenic sarcomas. A shift in the ssDNA pattern was observed 
in samples M20, M24, M25 and M28 (marked by an arrowhead), 
^c-conlrol, ssDNA, Single-strand DNA; dsDNA, double-strand 
DNA. ^nd-not denatured, d-denatured. 
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The mutant-specific probe hybridized at 68*'C only with poten- 
tially mutated DNA samples (MI9/M20/M21, M28), but not 
with normal control DNA (Fig. 3). The wild-type-specific 
probe, on the other hand, hybridized with all DNA samples, 
because of wi-p5i-alleles or remnants of normal cells (e.g., 
infiltrating lymphocytes and vessels) still present in the sample 
(data not shown). The G-to-A transition was confirmed by 
repeating the ASO experiments, the PCR and sequencing 
reactions independently at least twice. 

For one primary tumor of a leiomyosarcoma (M44) and its 
metastasis (M45) a G-to-A transition in codon 158 (exon 5) 



M20 M25 M28 C 

GATC GATCGATC GATC 




Figure 2 - Results of sequencing of myogenic sarcomas with a 
point mutation in codon 245. In all 3 tumor samples a GGC to 
AGC transition was identified in nucleotide 733. 



wt-c M28 M19 M20 M21 




Figure 3 - Results of the dot-blot of tumor samples from 
myogenic sarcomas (M28, MI 9, M20, M21) with wild-type-specific 
(wt-KJE7) and mutant-type-specific oligonucleotides (mt-KE7) of 
PCR products for exon 7 of the p53 gene. Hybridization with 
mutant-specific oligonucleotides (see *" Material and Methods") at 
68''C shows a specific signal for the tumor samples M28 (transition 
in codon 245 identified by sequencing) and Ml 9, M20, M21. The 
control DNA (wt-cj from peripheral-blood cells) shows only a very 
weak signal. 





TABLE III - 


RESULTS OF MOLECULAR ANALYSIS FOR MYOGENIC SARCOMAS WITH Ap53 MUTATION 




Tumor .sample 


Emity 


Grade 


P/R/M 




ex 


nl 


codon 


all 


bp-all 


au-all 


M42 


Leio 


in 


P 


d 


4 


318-332 


106-111 


del 


-(15) 


5-aa-del 


M44/M45 


Leio 


ii/ii 


P/M 


d 


5 


473 


158 


ts 


CGC CAC 


Arg -►His 


P6-93 


Leio 


III 


P 


a 


6 


643 


215 


ins 


+ (l) 


frameshift* 


M24/M25 


Leio 


ii/ii 


P/P 


d 


7 


733 


245 


ts 


GGC — AGC 


GIv Ser 


M28 


Rhab 


11 


R 


d 


7 


733 


245 


ts 


GGC AGC 


GIv — Ser 


M19/M20/M21 


Rhab 


iii/iii/ii 


R/R/R 


d 


7 


733 


245 


ts 


GGC ^ AGC 


Gly Ser 



Ail identified p53 mutations are in the region of codons 106-245, and therefore concern the core protein domain (codons 100-300). 
The high portion of transitional-point mutations is striking. This was also observed for other soft-tissue tumor entities. 

'The insertion identified results in a frameshift and a new slop codon (codon 221 ) -P, primary tumor; R, recurrence: metastases; sv, 
survival; ex, exon; nl, nucleotide; bp, base pair(s); aa, amino acid(s); alt, alteration; del, deletion; a, alive; d, dead; Rhab, 
rhabdomyosarcoma; Leio, leiomyosarcoma; ts, transition; ins, insertion. 
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TABLE r\* - RESULTS OF IMMUNOHISTOCHEMISTRY FOR p53 AND mdm2 IN MYOGENIC SARCOMA SAMPLES 

WITH p5.^ MUTATIONS 



321 



Sample 


Grade 






p5y 






mdm2 
IF-: 


C MI 


DO-1 


DO-7 


Pub 1 KOI 


Pab24t( 


M 19 


III 


+ 












M 20 


III 


+ 


+ + 


+ + 


+ 




+ + 


M 21 


II 














M 24 


II 


+ + 


+ + 




+ + 






M 25 


II 




+ + 




+ + 






M 28 


II 


+ + 


+ + 


+ + 


+ + 






M42 


III 


+ 












M 44 


II 




+ + 


+ + 








M45 


II 


+ 












P6-93 


III 




+ + 






+ + 





Assessment of applied antibodies: no expression; +, distinct expression; + + , strong expression. 



was identified, pointing to a selective advantage of clones with 
lhisp5i mutation. Furthermore, a primary tumor of a leiomyo- 
sarcoma (P6-93) carried a 1-bp insertion in codon 215, causing 
a frame shift resulting in a stop in codon 221. This alteration 
was also detectable in a simultaneously established primary- 
cell culture of the same tumor (data not shown). Additionally, 
in one leiomyosarcoma sample (M42) a 15-bp deletion (codons 
106-111) was detected, resulting in the loss of 5 amino acids 
and an amino-acid exchange from Scr to Arg in codon 106. In 
all sequencing reactions, the mutated sequence as well as the 
wi-scquencc could be found as described above. 

In a PCR-SSCP-sequencing analysis of exons 1 and 2 from 
the K-ras gene in myogenic sarcomas (32 tumor samples from 
21 patients) and of exons 1 and 2 from the U-ras gene in MNT 
(31 tumor samples from 25 patients), no mutation could be 
detected (data not shown). 

DISCUSSION 

Three groups of STS, Le,, fibrosarcomas, malignant neural 
tumors and myogenic sarcomas, were analyzed molecularly 
and immunohistochcmically. 

Immunohistochemistry 

The finding of 26% grade-!, 57% grade-II and 61% grade- 
Ill tumor samples with p53 positivity is comparable to other 
STS, such as MFH and liposarcoma, where grade-II and 
grade-III tumors in particular showed p53 positivity (Kawai et 
aL l994;Tauberte/fl/., 1995). 

The result of 32% mdm2 positivity is similar to the findings 
of Cordon-Cardo et al. (1994), who found positive staining in 
37%- (76/207) of STS. Unfortunately, investigation ior mdml- 
gene amplification was not possible, since paraffin-embedded 
material was studied. However, the finding that all of the 33% 
(8/24) STS with mdm2-gcnc amplification also showed mdm2 
over-expression (Leach et ai, 1993) suggests gene amplifica- 
tion as a possible reason for mdm2 over-expression. 

We were able to support that mdm2 expression is more 
abundant in metastases than in primary tumors (Ladanyi et ai, 
1993; Cordon-Cardo et ai, 1994), since mdm2 positivity was 
detected in M45 (metastasis), but not in M44 (primary tumor 
of the same leiomyosarcoma). 

Generally, a combination of p53 and mdm2 over-expression 
is recorded for all STS entities in this study. Over-expression of 
mdm2 has been discussed mainly as an alternative to p53 
alteration/over-expression of mt-p53 through inactivating p5J 



FictRE 4 - Immunohistochemical staining of rhabdomyosar- 
coma M20 with anti-p5i and •dnU-mdm2 antibodies, (a) hemalaun/ 
eosin staining; (b) ^T\\}-mdm2 antibody IF-2; (c) anti-/75i antibody 
DO-l; id) anii-p5i antibody DO-7. Scale bars, 10 vLm. 



function (Leach fl/., 1993; Patterson a/., 1994). However, 
cases of simultaneous over-expression for p53 and mdm2 have 
also been recorded (Cordon-Cardo ei al, 1994; Marsion et al., 
1994). It is suggested that p53 protein over-expression may 
induce increased mdm2 RNA transcription (Florencs et ai. 
1994), which could result in over-expression of mdm2 protein. 
Moreover, pSS-mdml complexes could activate a function 
promoting tumorigenesis (Landers et ai, 1994). 

Expression of mdm2 in p5i-mutated myogenic sarcomas 
shows a heterogeneous picture. A 15-bp deletion (M42) 
showed no mdm2 positivity. An l-bp insehibnal mutation was 
positive for mdm2, and the tumor samples with transitional 
mutations were in part mdm2-positive (Table IV). However, 
the latter result depended on the amount of tumor material 
(comparable to results in the sequencing reactions); for 
example, the M20 sample expressed strong mdm2 positivity, 
whereas M19 showed none. But at least one tumor sample 
(M20. M21, M25, M28, M45) from a patient with G-to-A 
transitions always showed mdm2 expression also. The co- 
existence of p53 mutations and mdm2 positivity could be 
explained by a selective advantage in tumors of weaker 
phenotypc (Ladanyi e/fl/.. 1993). 

Mutational analysis 

Molecular characterization comprised a PCR-SSCP-sequenc- 
ing analysis for the tumor-suppressor gene p53 (exons 4 to 9) 
and in part for the N-rfl5 and K-ras genes (exons 1 and 2), 

Neither N-ras nor K-ras mutations could be detected. This 
agrees with other studies, which found no K-ras mutations 
(Pulciani et ai, 1982; Wilke and Robinson, 1993) and just 3 
N-raj mutations in STS. All these mutations concerned codon 
61 of exon 2, identified in a neuroblastoma, a fibrosarcoma and 
a rhabdomyosarcoma (Taparowsky et aL 1983; Brown et al, 
1984; Chardin et al, 1985). However, N-raj- and K-raj-gene 
mutations do not seem to play an important role in STS 
tumorigenesis. 

p53 mutational analysis revealed 6 mutations in 35 myogenic 
sarcoma samples, but none in 34 fibrosarcoma and 31 MNT 
samples. In previous mutational studies, p53 mutations ap- 
peared somewhat rarely in fibrosarcoma and MNT. The only 
p53 mutation described in a fibrosarcoma (Lalreser al, 1994) 
represents an exceptional occurrence oi p53 mutations in this 
STS entity. In MNT, a small percentage may carry p53 
mutations, as shown for 4 cases of neuroblastomas (Imamura 
et al, 1993; Vogan et al, 1993; Hosoi et aL 1994) and 2 cases of 
neurofibrosarcomas (Menon et al, 1990). But mutational 
frequencies in the range of 11 to 18% verified for other 
soft-tissue entities (Stratton et al, 1990, 10/94; Toguchida et 
aL 1992, 3/17; Leach et al, 1993, 4/24; Taubert et aL 1995), 
were not recorded for fibrosarcomas and MNT. 

For 10/35 tumor samples (6/29 leiomyosarcomas and 4/6 
rhabdomyosarcoma samples) 6 mulaiions were identified. This 
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rcsuli is comparable to the finding of 7 mutations in 26 
myogenic sarcoma samples (4 mutations in 20 leiomyosarco- 
mas and 2 mutations in 6 rhabdomyosarcomas) by Slratton et 
al. (1 990). Unfortunately, no results concerning the patients 
arc presented in this study. However, wc found that 23% 
(6/26) of the myogenic sarcoma patients (4/23 of leiomyosar- 
coma patients and 2/3 of rhabdomyosarcoma patients) carried 
p53 mutations. 

In exon 4 wc idenlificd a 15-bp deletion (M42), in cxon 5 a 
CGC-to-CAC transition for codon 158 (M44/M45), in cxon 6 a 
1-bp insertion in codon 215 and, surprisingly, in cxon 7 a 
GGC-to-AGC transition in codon 245, which was identical in 3 
patients (M 19-21; M24/M25; M28). All mutations are located 
inside the core domain (codons 102-292: Choc/ al., 1994) and 
seem to affect structural rather than functional properties of 
the p53-DNA interaction. 

All identified point mutations arc G-to-A transitions and 
occur at CpG dinuclcotides. It is known that CpGs arc 
preferential loci for mutational hot spots. Although CpG 
sequences arc undcr-rcprescntcd in the human genome by the 
factor of 5, about 35% of point mutations causing human 
disorders occur at CpGs, and over 909? of these arc transitions 
from G-lo-A (Cooper and Youssoufian, 19K8). In addition to 
causes such as differences in the fidelity and strand specificity 
of cucaryotic polymerases (Kunkel and Alexander, 1985; Wu 
and Maeda, 1987), cytosinc methylation at CpG sites may 
cause the high mutational frequency. 5-methyIatcylosinc is 
attackable by de-aminaiion, whereby the 15-methyl)-cytosine is 
replaced by a thymine residue (a guanine by an adenine 
residue on the other strand; i.e., a G-lo-A transition) (Coulon- 
dre e! ai, 1978; Lindahl and Nybcrg, 1974). The resulting T:G 
mismatches cause minor distortions of the DNA helix (Brown 



KTAL. 

et ai, 1985) and it is more difficult for repair enzymes to 
recognize them. T:G mismatches are by a factor of 6t)01) less 
efficiently repaired, than U:G mismatches formed by dc- 
amination of cytosinc (Schmutte et ai., 1995). 

What is remarkable about the p53 gene is that 5 out of 6/75 J 
mutation hot-spot codons contain CpG dinuclcotides (175. 
245. 248, 273 and 282). This implies methylation-driven dc- 
amination of 5-mcthyl cytosin as a major source of G-to-A- 
transition mutations al CpG dinuclcotides (Tornaletti and 
Pfeifer, 1995). The CpG site at codon 245 is well characterized 
as a mutational hot spot in carcinomas, with a total of 144 
mutational cases out of 4496 entries (3.2%) in the p53 
mutation databank (Hollstein et al., 1996). Of these, 67 cases 
concern the G-to-A transition. In sarcomas, no mutational hot 
spot has been described (Grcenblatt ci al., 1994). For codon 
245, 5 mutation cases out of 162 mutation entries for sarcomas 
are compiled (Hollstein et al., 1996); if wc add the 3 described 
here, the total recorded cases number 8 (i.e., 5% of known 
sarcoma mutations). Of these, 6 cases have a G-to-A transi- 
tion. Summarizing results, codon 245 appears as a mutational 
hot spot for sarcomas. 
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Over- expression of the MDM2 gene is found in some 
cases of 

haematological malignancies . 
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; Zandecki M; Fenaux P 

Inserm U124, Institut de Recherches sur le Cancer de Lille, 
France . 

British journal of haematology (ENGLAND) Oct 1994 , S8 (2) 
p415-8, / 
ISSN 0007-1048 Journal Code: 0372544 / 

Publishing Model Print 

Document type: Journal Article 

Languages : ENGLISH 

Main Citation Owner: NLM 

Record type: MEDLINE; Completed 

We looked for MDM2 gene amplification and over- expression 
by Southern 

and Northern blot analysis in 135 and 66 cases of 
haematological 

malignancies , including ALL, AML, CML in chronic phase, CLL, 
MDS, PLL, 

non-Hodgkin ' s lymphoma (NHL) and myeloma. No amplification of 
the gene was 

found. An over- expression of MDM2 RNA was seen in 9/66 
(14%) patients 

tested, including 3/9 ALL, 3/24 AML, 2/4 myelomas, 1/1 PLL, 
but 0/2 CML, 

0/2 NHL and 0/21 MDS. None of the patients over- expressing 
MDM2 had 

modifications of P53 gene transcript or p53 mutations. 
Most of the 

patients over- expressing MDM2 gene had poor 

prognostic features 

(including 'unfavourable* cytogenetic abnormalities), poor 
response to 

chemotherapy and short survival. Our findings suggest that over- 
expression 

of MDM2 is seen in a relatively small number of 
haematological 
malignancies , and is associated with poor prognosis. 

Over- expression of the MDM2 gene is found in some 
cases of 

haematological malignancies . 
Oct 1994 , 

We looked for MDM2 gene amplification and over- expression 
by Southern 

and Northern blot analysis in 135 and 66 cases of 



haematological 

malignancies , including ALL, AML, CML in chronic phase, CLL, 
MDS, PLL, 

non-Hodgkin ' s lymphoma (NHL) and myeloma. No amplification of 
the gene was 

found. An over- expression of MDM2 RNA was seen in 9/66 
(14%) patients 

tested, including 3/9 ALL, 3/24... 

...0/2 CML, 0/2 NHL and 0/21 MDS . None of the patients over- 
expressing 

MDM2 had modifications of P53 gene transcript or p53 
mutations. Most 



Amplification of the MDM2 gene in human breast cancer 
and its 

association with MDM2 and p53 protein status. 

McCann A H; Kirley A; Carney D N; Corbally N; Magee H M; 
Keating G; 
Dervan P A 

Biotechnology Centre, University College Dublin, Belfield, 
Ireland. 
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The present study reports on the frequency of MDM2 gene 
amplification 

and MDM2 protein expression in a series of 100 breast 
carcinomas and 

its association with accumulation of the p53 protein. Of the 
100 cases, 

frozen samples for 82 cases were available for Southern 
blotting. Three of 

the 82 (4%) demonstrated MDM2 gene amplification of up 
to 6-fold. 

Immunohistochemical analysis of the formalin-fixed, 
paraffin-embedded 

tumours demonstrated that 7/97 (7%) had nuclear expression for 
MDM2 in 

10-50% of the tumour cells (type 2 staining) and were denoted 
MDM2-f. Two of 

the MDM2-amplif led samples were MDM2+ with one of the two 
tumours also 

displaying type 2 p53 nuclear staining. Finally at the 
protein level, 

MDM2+ tumours were significantly associated with tumours having 
low levels 

of *p53 staining (0-10% cells positive) (P = 0.03). We conclude 
that MDM2 

gene amplification occurs at a lower frequency in breast 
cancer than in 

non-epithelial tumours. Alterations in MDM2 and p53 may 
represent 

alternative pathways in tumorigenesis , but they are not mutually 

exclusive 

in all cases. 
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We have analyzed soft-tissue sarcomas (STS) molecularly for 
mutations in 

the tumor -suppressor gene p53 and immunohisto- 
chemically for 

expression of p53 and mdm2 proteins. In this study, 
tumor samples 

from 3 groups of soft-tissue sarcomas, i.e., 
fibrosarcomas , myogenic 

sarcomas and malignant neural tumors (MNT) , were 
investigated. The 

methods applied encompass immunohistochemistry on 198 tumor 
samples using 

p53 antibodies (DO-1 and DO-7) and an mdm2 antibody (IF-2) . Out 
of these, 

100 samples were subjected to non-radioactive PCR-SSCP-sequencing 
analysis. 

Immunohistochemical detection rate for p53 (range of 57% to 
67%) and for 

mdm2 proteins (range of 19 to 44%) was similar in all 3 groups. 
In higher 

tumor grades, an increased rate of immunopositivity was 
found for p53 

but not for mdm2 . Investigation of p53 mutational status 
revealed 6 

mutations in myogenic sarcomas but none in malignant neural 
tumors or 

fibrosarcomas, suggesting different roles of p53 in the 3 
STS groups. 

Interestingly, a G — >A transition in codon 245 (a CpG site) was 
found in 3 




myogenic sarcomas. Our results and those of others suggest p53 
codon 245 

as a mutational hotspot in sarcomas, as recognized in carcinomas. 

Frequent occurrence of p53 mutations in 
rhabdomyosarcoma and 

leiomyosarcoma, but not in fibrosarcoma and malignant neural 
tumors . 

Aug 22 1996 , 

We have analyzed soft-tissue sarcomas (STS) molecularly for 
mutations in 

the tumor -suppressor gene p53 and immunohisto- 
chemically for 

expression of p53 and mdm2 proteins. In this study, 
stumor s amp 1 e s 

from 3 groups of soft-tissue .sarcomas, i.e., 
fibrosarcomas, myogenic 

sarcomas and malignant neural tumors (MNT) , were 
investigated. The 

methods applied encompass immunohistochemistry on 198 tumor 
samples using 

p53 antibodies (DO-1 and DO-7) and an mdm2 antibody (IF-2) . Out 
of these, 

100 samples were subjected to non-radioactive PCR-SSCP-sequencing 
analysis . 

Immunohistochemical detection rate for p53 (range of 57% to 
67%) and for 

mdm2 proteins (range of 19 to 44%) was similar in all 3 groups. 
In higher 

tumor grades, an increased rate of immunopositivity was 
found for p53 

but not for mdm2 . Investigation of p53 mutational status 
revealed 6 

mutations in myogenic sarcomas but none in malignant neural 
tumors or 

fibrosarcomas, suggesting different roles of p53 in. the 3 
STS groups. 

Interestingly, a G — >A trans 
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Abstract: One of the most commonly detected abnormalities in 
human cancer 

is mutation of the p53 tumour suppressor gene. Intrinsic to 

the 

function of p53 is its ability to induce apoptotic cell death 
and to 

cause cell cycle arrest . Moreover, p53 plays an 
important role in 

controlling the cellular response to DNA damaging agents such 

as 

ionizing radiation and cancer chemotherapeutic drugs. Loss of 

p53 

function causes increased resistance to radiation and 
chemotherapeutic 

agents, and there is increasing evidence that p53 mutational 
status is 

an important determinant of clinical outcome in cancer. This 
review 

will focus on recent data describing the biochemistry of p53 
function, 

its role in mediating apoptosis and cell cycle arrest 

and in the 

control of tumour growth and death. 

, 1995 



MARKER GENES FOR CYTOTOXIC EXPOSURE - P53 (Abstract Available) 
Author (s): MONTENARH M 

Corporate Source: UNIV SAARLAND, BLDG 44/D-66424 HOMBURG/ /GERMANY/ 
Journal: STEM CELLS, 1995 , V13, SI (MAY), P136-141 
ISSN: 1066-5099 

Language: ENGLISH Document Type: ARTICLE 

Abstract :. The growth suppressor p53 plays an important role in 
the 

regulation of cell proliferation, DNA repair and apoptosis. 

In 

wild-type p53 expressing cells, gamma-irradiation induces an 
increase 

in the level of p53 protein and these cells exhibit a GI 
growth arrest. 

The p53-induced G(l) growth arrest is abrogated in cells 
expressing 

mutant p53, or in cells where p53 is inactivated by complex 
formation 

with cellular or viral proteins such as mdm2 or the E6 
proteins of 

human papillomavirus (HPV) 16 or HPV18. Wild-type p53 

expressing cells 

are radiosensitive whereas mutant p53 expressing cells are 
radioresistant- In some cell types, p53 mutations are 

observed after 

gamma-irradiation of cells although this observation is not 
consistent 

for all cell types. Furthermore, it is not clear whether 
these 

mutations are the direct result of irradiation or secondary 
effects . 
, 1995 
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Differential expression of multiple MDM2 messenger HNAs 
and proteins 

in normal and tumorigenic breast epithelial cells. 
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The MDM2 gene is a nuclear phosphoprdtein that is regulated by 
p53' and 

functions, in one capacity, to inhibit the transcriptional 
activity of the 

wild-type p53 protein. Multiple MDM2 transcripts . were 
detected in human 

breast epithelial cells. In estrogen receptor-negative normal, 
immortal , 

and tumorigenic breast epithelial cells, we found a good 



correlation 

between HDM2 mRNA levels and expression of wild-type 
p53 . When 

wild-type p53 was overexpressed in estrogen receptor- 
negative tumor 

cells containing a mutant or no endogenous p53 , MDiyi2 
mRNA levels 

increased significantly, indicating that wild-type p53 
positively 

influences MDM2 mRNA levels in these tumor cells. Because 
all estrogen 

receptor-positive breast tumor cells had high iyiDM2 mRNA levels 
regardless 

of the status of their endogenous p53 protein, other 
factors likely 

influence MDM2 expression 



[Studies on MDM2 oncogene expression and its effect on 
pancreatic 
carcinoma cells] 

Guo H; Liu T; Gao J 
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In order to study the interrelation and interaction between 
MDM2 oncogene 

and wild type p53 in human pancreatic cancer , we 
studied the 

expression and amplification of MDM2 oncogene and its 
antagonistic 

effect on wild type p53 by use of gene recombination, gene 
transduction 

and molecular hybridization techniques. The results showed 
that MDM2 

oncogene could be detected in all 5 pancreatic cell lines, but 
MDM2 mRNA 

expression varied in the different cell lines. The 
recombinant vector 

pCMV-MDM2 was transduced into PC-2/s-wtp53 cell line (a 
transformed PC-2 

pancreatic carcinoma cell line containing wild type p53 
gene) . The 

resultant cell line, PC-2/s-wtp53/pCMV-MDM2 showed rapid cell 
growth, a 

rate similar to that of the parent cell line PC-2. Our results 
verify the 

fact that MDM2 gene can abrogate the cell growth arrest 
mediated by wild 

type p53 and the antagonistic function of wild type p53 . 
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